Iterative cross-coupling represents a potentially general approach for the simple, efficient, and flexible construction of a wide range of functional small molecules. In this context, (Z)-(2-bromovinyl)-Nmethyliminodiacetic acid (MIDA) boronate is a very useful building block for small molecule synthesis. This compound can serve as a starting material for the preparation of a wide range of cis-alkene-containing MIDA boronates. This compound can also be used for the iterative cross-coupling-based synthesis of various cis-olefin-containing targets. Collectively, these results contribute to the expanding generality of the MIDA boronate platform.
Introduction
Nature utilizes a common 'building block approach' to make nearly all of the molecules found in living systems. In the case of polypeptides, oligonucleotides, and oligosaccharides, this strategy has been successfully replicated in the laboratory to enable efficient, flexible, and fully-automated access to these molecules from readily available bifunctional building blocks. 1 Because of these advances in synthesis, research in these areas is now primarily focused on discovering, understanding, and optimizing new molecular functions. In stark contrast, the synthesis of 'small molecules' remains a relatively inefficient, inflexible, and unsystematized process practiced almost exclusively by highly trained specialists. As a result, synthesis still represents the rate-limiting step in small molecule science.
Importantly, Nature uses the same building block approach to make the vast majority of small molecules, including polyketides, hybrid peptide/polyketides, polyterpenes, fatty acids, and phenylpropanoids. 2 Thus, despite their tremendous structural diversity, small molecule natural products share in common substantial inherent modularity. With the goal of more effectively harnessing this modularity and thereby enabling more efficient and flexible access to complex small molecules in the laboratory, we are pursuing the development of a general building block-based approach for small molecule synthesis. 3 In the idealized form of this strategy, a collection of off-the-shelf building blocks having all of the required functional groups pre-installed in the correct oxidation states and with the desired stereochemical relationships are sequentially linked using only one reaction iteratively.
Toward this goal, we are developing a platform of N-methyliminodiacetic acid (MIDA) boronate building blocks. 3e13 MIDA boronates have many highly desirable properties that render them exceptionally useful as synthetic intermediates. They are uniformly air-stable, non-toxic, highly crystalline, and monomeric free-flowing solids that are also fully compatible with silica gel chromatography. The MIDA ligand can be prepared on very large scale for very low cost, 8 is commercially-available, and is fully biodegradable. 14 Many methods now exist for preparing MIDA boronates from a wide range of different starting materials, including boronic acids, 3e6,12,15 haloboranes, 5, 7 boronic esters, 10 trialkoxyborate salts, 8e11,13 organohalides, 13 organolithium reagents, 13 and Grignard reagents. 10, 11 The MIDA boronate functional group is inert to anhydrous cross-coupling conditions yet can be readily transformed into a fully reactive boronic acid or ester using exceptionally mild conditions. 4, 10 This pair of features enables the simple, efficient, and highly flexible synthesis of a wide range of complex small molecules via iterative cross-coupling of MIDA-protected haloboronic acids. 4e6, 10, 11 MIDA boronates are also inert to a wide range of other reaction conditions, including oxidants, reductants, electrophiles, soft nucleophiles, strong acids, and a wide range of anhydrous bases. 6 Combined with their compatibility with silica gel chromatography, these features enable the multi-step preparation of a wide range of otherwise challenging to access boronate building blocks from simple boron-containing starting materials. 6, 10, 11 Rate-controlled hydrolysis of MIDA boronates in situ also represents a general solution for the very important problem of storing and cross-coupling unstable boronic acids. 8, 13 Finally, a large and growing collection of MIDA boronates are now commerciallyavailable. 16 With the goal of maximizing the generality of this platform for small molecule synthesis, we aim to transform substructures that commonly appear in a broad range of complex natural products into readily accessible and air-stable bifunctional MIDA boronate building blocks. In this vein, cis-olefins are prevalent in small molecules derived from a wide range of biosynthetic pathways including polyketides, hybrid peptide/polyketides, polyterpenes, fatty acids, and phenylpropanoids ( Fig. 1 ). 17 Controlling the stereochemistry during the formation of such double bonds often represents a major challenge in the synthesis of these types of molecules. 18 Pre-installation of this stereochemistry into a readilyaccessible bifunctional olefin that can be iteratively functionalized via sequential stereospecific CeC bond forming reactions thus represents a very attractive goal.
We recently reported a collection of bifunctional iodoalkenyl MIDA boronates in all possible stereoisomeric forms that can provide access to a wide range of stereochemically complex polyene frameworks via selective cross-coupling of the halide terminus. 11 A very important component of this platform was (Z)-(2-iodovinyl)-MIDA boronate, (Z)-I-1 (Scheme 1). This bifunctional building block contains the olefin geometry preinstalled in the cis-configuration to allow for the construction of a wide range of polyene motifs containing cis-olefins in a stereocontrolled fashion via stereospecific cross-coupling reactions. While the synthetic utility of (Z)-I-1 proved to be outstanding, its synthesis was cumbersome (requiring multiple rounds of partial reduction and chromatography), low yielding, and not scalable. To enable ready access to such a building block for many diverse applications, we herein describe a convenient, practical, and highly scalable synthesis of an analogous reagent, (Z)-(2-bromovinyl)-MIDA boronate, (Z)-Br-1. We further demonstrate that (Z)-Br-1 can serve as a highly versatile building block for the preparation of a wide range of cis-alkene-containing synthetic targets.
Results
Bromination/elimination reactions provide a convenient method for the synthesis of vinyl halides. In particular, (E)-alkenylboronic esters can be converted to (Z)-alkenyl halides via this type of transformation. 19 We have recently reported a convenient synthesis of bisborylated olefin 3 via the hydroboration of ethynyl MIDA boronate 2 (Scheme 2). 9 Given the compatibility of MIDA boronates to many common synthetic reagents, we hypothesized that 3 would be a competent starting material for a bromination/ elimination sequence, leading to an efficient synthesis of (Z)-Br-1. In the event, bromination of 3 followed by treatment of the resulting vicinal dibromide intermediate with anhydrous K 3 PO 4 in MeCN provides a very convenient route to (Z)-Br-1 in 73% overall yield. This same building block can alternatively be prepared in a one pot procedure by reacting 3 with CuBr 2 in aq MeCN. Both of these pathways can be performed on the gram scale and (Z)-Br-1 can be isolated in pure form without the use of chromatography.
With a pair of simple and readily scalable syntheses of (Z)-Br-1 in hand, we have preliminarily explored its utility in the preparation of a range of new (Z)-alkenyl MIDA boronate building blocks. Like its stereoisomeric counterpart (E)-Br-1, 5 (Z)-Br-1 is a very versatile cross-coupling partner, as shown in Scheme 3. Specifically, SuzukieMiyaura (SM) cross-coupling with (E)-styrenylboronic acid 4 provided (E,Z)-diene 5. A Stille coupling between (Z)-Br-1 and vinyl stannane 6 provided diene 7. A Heck coupling with methyl acrylate 8 under phosphine-free conditions yielded the unsaturated methyl ester 9 as a single regio-and stereo-isomer. Moreover, Sonogashira coupling between (Z)-Br-1 and TMSacetylene 10 generated enyne 11. Finally, Negishi cross-coupling with 12 yielded MIDA boronate 13. Collectively, the diversity of coupling reactions compatible with (Z)-Br-1 demonstrates that this MIDA boronate possesses substantial utility in the synthesis of (Z)alkenyl boronate building blocks for small molecule synthesis.
We have further determined that the scope for SuzukieMiyaura coupling of boronic acids with (Z)-Br-1 is very good, enabling the preparation of a wide range of (Z)-vinyl MIDA boronates (Table 1) . Specifically, the cross-coupling of electron neutral, rich, and deficient aryl boronic acids 14aec (entries 1e3) provide the desired products 15aec. Additionally, (Z)-Br-1 can be coupled with a series of heteroaryl boronic acids, including 2-thiophene 14d, 2-benzofuran 14e, and 2-pyrrole 14f (entries 4e6). Finally, trans-and cis-pentenyl boronic acid 14g,h can be coupled with (Z)-Br-1 for the synthesis of (E,Z) and (Z,Z) dienes 15g,h in a stereocontrolled fashion (entries 7e8).
We further explored the utility of (Z)-Br-1 as a substrate for iterative SM coupling reactions. Stilbenoids are small molecule natural products that have been implicated in providing several beneficial effects on human health, including protecting against cardiovascular disease and cancer. 20 (Z)-Stilbenoids have demonstrated increased anticancer activity in comparison to their corresponding (E)-isomers. 21 In particular, (Z)-3,5,4 0 -trimethoxystilbene 19 has been shown to be an exceptionally potent analog of the stilbenoid resveratrol. 22 We have completed an iterative cross-coupling-based synthesis of 19 as shown in Scheme 4. 3-methoxyphenylboronic acid 16 was coupled to (Z)-Br-1 in excellent yield. Subsequently, the in situ hydrolysis of 17 and cross-coupling of the resulting boronic acid with aryl bromide 18 yielded 19 with complete retention of olefin stereochemistry.
Halopolyenyl MIDA boronates have also proven to be valuable building blocks for the iterative cross-coupling-based synthesis of polyene natural products, including b-parinaric acid, peridinin, and the polyene motifs of amphotericin B and vacidin A. 5, 10, 11 In this vein, we recently reported the synthesis of all possible stereoisomeric forms of iododienyl MIDA boronates via the metal-selective cross-coupling of Sn/Ge bis-metalated olefins followed by the stereospecific iododegermylation of the resulting dienylgermanium intermediates. 11, 23, 24 However, the overall efficiency of this process was limited by the low yielding preparation of key building block (Z)-I-1. With the development of the efficient preparation of (Z)-Br-1, we have been able to prepare the dienylgermanium intermediates 21 with substantially improved overall efficiency (Scheme 5). Specifically, the Stille coupling between (Z)-Br-1 and (E)-20 yields (E,Z)-21 and coupling between (Z)-Br-1 and (Z)-20 yields (Z,Z)-21, both in good yields. In a similar fashion, the coupling of (E)-Br-1 with (E)-20 and (Z)-20 yields (E,E)-21 and (Z,E)-21, respectively. We have previously reported that the iododegermylation of 21 proceeds smoothly with I 2 in MeOH to complete the synthesis of all possible stereoisomeric forms of the iododienyl MIDA boronate building blocks 22. 11 Thus, (Z)-Br-1 and (E)-Br-1 represent a very powerful pair of bifunctional haloalkenyl MIDA boronate building blocks. In addition to being versatile coupling partners themselves, they provide ready access to a collection of more complex bifunctional building blocks that have the potential to enable the synthesis of a wide range of polyene motifs via ICC. For example, iterative crosscoupling of building blocks (E,E)-22 and (Z,Z)-22 was recently shown 11 to provide synthetic access to the highly complex (E,E,E,Z,Z,E,E)-heptaene portion of vacidin A (Scheme 6). 25 
Summary and conclusions
Access to a wide range of bifunctional building blocks representing motifs that commonly appear in natural products and pharmaceuticals stands to greatly increase the efficiency and flexibility of small molecule synthesis. The cis-olefin represents a very important substructure that appears in a wide range of polyenyl natural product motifs. We herein describe a very practical and scalable synthesis of the bifunctional building block (Z)-Br-1 and demonstrate its utility in the stereocontrolled preparation of a wide range of cis-alkenes. Collectively, these findings expand the utility of ICC with MIDA boronates as a simple and flexible platform for the efficient synthesis of a wide range of functional small molecules.
Experimental

Materials
Commercial reagents were purchased from SigmaeAldrich, Fisher Scientific, Alfa Aesar, TCI America, Strem Chemicals Inc., or Frontier Scientific and were used without further purification unless otherwise noted. Solvents were purified via passage through packed columns as described by Pangborn and coworkers 26 (THF, Et 2 O, CH 3 CN, CH 2 Cl 2 : dry neutral alumina; hexane, benzene, and toluene: dry neutral alumina and Q5 reactant; DMSO, DMF: activated molecular sieves). All water was deionized prior to use. The following compounds were prepared according to known literature procedures: ethynyl MIDA boronate 2, 11 pinacol ester 3, 9 (E)-(2-bromovinyl)-MIDA boronate (E)-Br-1, 5,7 vinyl boronic acid 14h, 11 vinyl stannane (E)-20, 11 and vinyl stannane (Z)-20. 11
General experimental procedures
Unless noted, all reactions were performed in flame-dried round bottom or modified Schlenk flasks fitted with rubber septa under a positive pressure of argon or nitrogen. Organic solutions were concentrated via rotary evaporation under reduced pressure with a bath temperature of 35e40 C. Reactions were monitored by analytical thin layer chromatography (TLC) performed using the indicated solvent on E. Merck silica gel 60 F 254 plates (0.25 mm). Compounds were visualized by exposure to a UV lamp (l¼254 nm) and/or a solution of basic KMnO 4 followed by brief heating using a Varitemp heat gun. MIDA boronates are compatible with standard silica gel chromatography, including standard loading techniques. Column chromatography was performed using standard methods 27 or on a Teledyne-Isco CombiFlash R f purification system using Merck silica gel grade 9385 (60 A, 230e400 mesh). For loading, compounds were adsorbed onto non acid-washed Celite in vacuo from an acetone solution. Specifically, for a 1 g mixture of crude material the sample is dissolved in reagent grade acetone (25e50 mL) and to the flask is added Celite 545 Filter Aid (5e15 g). The mixture is then concentrated in vacuo to afford a powder, which is then loaded on top of a silica gel column. The procedure is typically repeated with a small amount of acetone (5 mL) and Celite (2 g) to ensure quantitative transfer. (3.07g, 9.9 mmol) and CH 2 Cl 2 (100 mL). To this solution was added dropwise neat bromine (0.75 mL, 14.6 mmol). The resulting solution was stirred at 23 C for 1 h and then concentrated in vacuo to afford a pale yellow solid. Residual bromine was removed by azeotroping with CH 2 Cl 2 (3Â50 mL). To the resulting pale yellow solid was added finely ground K 3 PO 4 (20.02 g, 94.3 mmol) and MeCN (100 mL). The resulting suspension was stirred at 23 C for 3.5 h. The resulting suspension was poured into 200 mL EtOAc, 100 mL pH 7 phosphate buffer (0.5 M), and 100 mL DI H 2 O. The mixture was shaken and the aqueous layer was removed. The organic layer was washed with pH 7 phosphate buffer (0.5 M, 1Â100 mL). The combined aqueous layers were back extracted with 9:1 EtOAc/acetone (1Â200 mL). The combined organic layers were dried over MgSO 4 , filtered, and concentrated in vacuo. The resulting residue was azeotroped with CH 2 Cl 2 (2Â50 mL) and then suspended in Et 2 O (100 mL). This suspension was placed in a sonicator bath for 1 h. The resulting solid was collected by vacuum filtration and rinsed with Et 2 O (15 mL) to yield MIDA boronate (Z)-Br-1 as a colorless solid (1.91g, 73%). 4.4.2. One-pot CuBr 2 procedure. A 500-mL round bottom flask equipped with a stir bar was charged with MIDA boronate 3 (2.00 g, 6.47 mmol), CuBr 2 (7.23 g, 32.4 mmol), and CH 3 CN/H 2 O (19:1, 100 mL). The resulting solution was stirred at 23 C for 1.75 h. The reaction was poured into a separatory funnel containing 1 M aq HCl (150 mL). The aqueous layer was extracted with EtOAc (1Â250 mL, 2Â150 mL). The combined organic layers were sequentially washed with satd aq Na 2 S 2 O 3 (100 mL), half-saturated brine (100 mL), and brine (100 mL). The organic solution was vigorously stirred with an aq solution of 2Na þ EDTA 2À (0.05 M, 150 mL) for 45 min at 23 C. The biphasic mixture was transferred to a separatory funnel and the aqueous layer removed. The organic layer was washed with brine (100 mL) and then dried over MgSO 4 and decolorized with charcoal. Filtration and concentration of the filtrate in vacuo afforded crude (Z)-Br-1 as a white solid. This solid was suspended in Et 2 O/acetone (25:1, w260 mL) and placed in a sonicator bath for 1 h. The resulting solid was collected by vacuum filtration and rinsed with Et 2 O to yield MIDA boronate (Z)-Br-1 as a white powder (0.96 g, crop 1). The filtrate was concentrated in vacuo and the sonication process was repeated to afford (Z)-Br-1 as a white powder (0.13 g, crop 2; 1.09 g total, 64%). 13 In a glovebox, to a 7 mL vial equipped with a stir bar and charged with (Z)-Br-1 or (E)-Br-1 (0.2 mmol) and vinyl stannane 6 or 1triethylgermanium-2-tributyltin ethylene (Z)-20 or (E)-20 (0.22 mmol) were added Pd 2 (dba) 3 (0.01 mmol) and Ph 3 As (0.02 mmol). The vial was sealed with a PTFE-lined septum screwcap and removed from the glovebox. At 0 C, under a positive pressure of Ar, THF (0.5 mL) and DMF (1.5 mL) were added sequentially via syringe. The resulting mixture was stirred in a subdued light environment at 0 C for 2 h and then slowly warmed to 23 C and stirred for an additional 8e18 h at 23 C. The reaction mixture was poured into brine (5.0 mL) and extracted with EtOAc (2Â15 mL). The combined organic phases were dried over MgSO 4 , concentrated in vacuo, dry loaded onto Celite from an acetone solution, and purified via flash chromatography on silica gel or Florisil to afford the desired compound.
Structural analysis
MIDA boronate 7
The general Stille coupling procedure was followed using (Z)-Br-1 (39 mg, 0.15 mmol), vinyl stannane 6 (53 mg, 0.17 mmol), Pd 2 (dba) 3 (7.0 mg, 0.01 mmol), Ph 3 As (4.6 mg, 0.02 mmol), THF (0.5 mL), and DMF (1.5 mL). The resulting mixture was stirred at 0 C for 2 h and then slowly warmed to 23 C and stirred for an additional 18 h at 23 C. Purification via flash chromatography on Florisil (EtOAc/petroleum ether 1:1/EtOAc/EtOAc/MeCN 9:1) afforded 7 as a foam (25 mg, 79%). 
MIDA boronate 11
In a glovebox, to a 7 mL vial equipped with a stir bar and charged with (Z)-Br-1 (62.8 mg, 0.24 mmol) were added CuI (2.6 mg, 0.014 mmol) and PdCl 2 (PPh 3 ) 2 (19.5 mg, 0.028 mmol). The vial was sealed with a PTFE-lined septum screw-cap and removed from the glovebox. Under a positive pressure of Ar, THF (1.2 mL), TMSacetylene 10 (0.050 mL, 0.36 mmol), and Et 3 N (0.10 mL, 0.72 mmol) were sequentially added via syringe. The reaction was stirred at 23 C for 4 h. The crude reaction was transferred to a separatory funnel containing brine (10 mL) and extracted with EtOAc (2Â15 mL). The combined organic extracts were dried over Na 2 SO 4 , filtered, dry loaded onto Celite and purified via flash chromatography on Florisil (Et 2 O/EtOAc 3:1/2:1/1:1) to afford MIDA boronate 11 as a yellow solid (54 mg, 80%). Colorless crystals could be obtained by recrystallization from Et 2 O (42 mg, 63%). 4.10.2. The freshly prepared solution of 12 was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a magnetic stir bar and charged with (Z)-Br-1 (39 mg, 0.15 mmol) were added Pd(OAc) 2 (2 mg, 0.01 mmol) and SPhos (6 mg, 0.02 mmol). The vial was sealed with a PTFE-lined septum screw-cap and removed from the glovebox. The resulting slurry was stirred for 30 min at 23 C and was then cooled to 0 C. The freshly prepared solution of 12 was added dropwise to the reaction vial. The resulting mixture was stirred in a subdued light environment at 0 C for 2 h. The reaction mixture was poured into brine (5 mL) and extracted with EtOAc (2Â15 mL). The combined organic phases were dried over MgSO 4 , concentrated in vacuo, dry loaded onto Celite from an acetone solution, and purified via flash chromatography on Florisil (EtOAc/ petroleum ether 1:1/EtOAc/EtOAc/MeCN 9:1) to afford MIDA boronate 13 as a pale yellow solid (33 mg, 92%). 75 (s, 3H) . 13 In a glovebox, to a 7 mL vial equipped with a stir bar and charged with Pd 2 (dba) 3 (9.7 mg, 0.01 mmol) and XPhos (19.2 mg, 0.04 mmol) was added THF (2 mL). The solution was stirred at 23 C for 10 min. 4.11.2. The freshly prepared catalyst solution was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with MIDA boronate (Z)-Br-1 (50.5 mg, 0.19 mmol) and boronic acid 14a (37.9 mg, 0.31 mmol) was added finely ground 2.86 (s, 3H). 13 In a glovebox, to a 7 mL vial equipped with a stir bar and charged with Pd 2 (dba) 3 (10.8 mg, 0.01 mmol) and XPhos (20.9 mg, 0.04 mmol) was added THF (2 mL). The solution was stirred at 23 C for 10 min. 4.12.2. The freshly prepared catalyst solution was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with MIDA boronate (Z)-Br-1 (50.8 mg, 0.19 mmol) and boronic acid 14b (72.0 mg, 0.40 mmol) was added finely ground K 3 PO 4 (137.7 mg, 0.65 mmol). The prepared catalyst solution was added in one portion. The vial was sealed with a cap and removed from the glovebox. The solution was stirred in a subdued light environment at 35 C for 48 h. The reaction mixture was filtered through a pad of Celite, concentrated in vacuo, dry loaded onto Celite from an acetone solution, and purified via flash chromatography on silica gel (Et 2 O/acetone 100:0/3:1) to afford MIDA boronate 15b as a pale yellow solid (52.6 mg, 85%). 
MIDA boronate 15c
4.13.1. Preparation of catalyst solution. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with Pd 2 (dba) 3 (10.6 mg, 0.01 mmol) and XPhos (19.5 mg, 0.04 mmol) was added THF (2 mL). The solution was stirred at 23 C for 10 min. 4.13.2. The freshly prepared catalyst solution was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with MIDA boronate (Z)-Br-1 (43.7 mg, 0.17 mmol) and boronic acid 14c (63.8 mg, 0.46 mmol) was added finely ground K 3 PO 4 (136.8 mg, 0.64 mmol). The prepared catalyst solution was added in one portion. The vial was sealed with a cap and removed from the glovebox. The solution was stirred in a subdued light environment at 35 C for 48.5 h. The reaction mixture was filtered through a pad of Celite, concentrated in vacuo, dry loaded onto Celite from an acetone solution, and purified via flash chromatography on silica gel (Et 2 O/acetone 100:0/3:1) to afford MIDA boronate 15c as a pale yellow solid (29.6 mg, 64%). 13 In a glovebox, to a 7 mL vial equipped with a stir bar and charged with Pd(OAc) 2 (2.3 mg, 0.01 mmol) and SPhos (9.2 mg, 0.02 mmol) was added THF (2 mL). The solution was stirred at 23 C for 10 min. 4.16.2. The freshly prepared catalyst solution was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with MIDA boronate (Z)-Br-1 (43.0 mg, 0.16 mmol) and boronic acid 14f (91.6 mg, 0.40 mmol) was added finely ground K 3 PO 4 (136.7 mg, 0.64 mmol). The prepared catalyst solution was added in one portion. The vial was sealed with a cap and removed from the glovebox. The solution was stirred in a subdued light environment at 23 C for 24 h. The reaction mixture was filtered through a pad of Celite, concentrated in vacuo, dry loaded onto Celite from an acetone solution, and purified via flash chromatography on silica gel (Et 2 O/acetone 100:0/3:1) to afford MIDA boronate 15f as a pale yellow solid (39.7 mg, 70%). In a glovebox, to a 7 mL vial equipped with a stir bar and charged with XPhos (8.6 mg, 0.02 mmol) and Pd(OAc) 2 (2.1 mg, 0.01 mmol) was added THF (2 mL). The solution was stirred at 23 C for 10 min. 4.18.2. The freshly prepared catalyst solution was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with MIDA boronate (Z)-Br-1 (42.8 mg, 0.16 mmol) and boronic acid 14h (57.5 mg, 0.50 mmol) was added Cs 2 CO 3 (195.8 mg, 0.60 mmol). The prepared catalyst solution was added in one portion. The vial was sealed with a cap and removed from the glovebox. The solution was stirred in a subdued light environment at 23 C for 24 h. The reaction mixture was filtered through a pad of Celite, concentrated in vacuo, dry loaded onto Celite from an acetone solution, and purified via flash chromatography on Florisil (Et 2 O/acetone 100:0/3:1) to afford MIDA boronate 15h as a pale yellow solid (24.6 mg, 60%). For characterization of 15h see Ref. 11. 4.19 . MIDA boronate 17 4.19.1. Preparation of catalyst solution. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with Pd 2 (dba) 3 (9.7 mg, 0.01 mmol) and XPhos (19.2 mg, 0.04 mmol) was added THF (2 mL). The solution was stirred at 23 C for 10 min. 4.20.1. Preparation of catalyst solution. In a glovebox, to a 7 mL vial charged with SPhos (6.5 mg, 0.02 mmol) and Pd(OAc) 2 (2.1 mg, 0.009 mmol) was added THF (1.4 mL). The solution was stirred at 23 C for 10 min. 4.20.2. The freshly prepared catalyst solution was used in the following reaction. In a glovebox, to a 7 mL vial equipped with a stir bar and charged with MIDA boronate 17 (39.2 mg, 0.14 mmol) and 1-bromo-3,5-dimethoxybenzene 18 (26.1 mg, 0.12) was added the prepared catalyst solution in one portion. The vial was sealed with a PTFE-lined septum screw-cap and removed from the glovebox. Under a positive pressure of Ar, 1 M aq NaOH (0.40 mL) was added via syringe. The solution was stirred in a subdued light environment at 23 C for 6 h. The reaction mixture was poured into 1 M aq phosphate buffer pH 7 (2 mL) and extracted with Et 2 O (3Â2 mL). The combined organic phases were dried over MgSO 4 , filtered, and concentrated in vacuo. The crude material was dry loaded onto Celite from an acetone solution, and purified via flash chromatography on Florisil (petroleum ether/CH 2 Cl 2 100:0/80:20) to afford the 19 as a pale yellow oil (28.3 mg, 76%). Spectral data for 19 were consistent with those previously reported. 30 
MIDA boronate (E,Z)-21
The general Stille coupling procedure was followed using (Z)-Br-1 (52 mg, 0.20 mmol), (E)-20 (105 mg, 0.22 mmol), Pd 2 (dba) 3 (9.2 mg, 0.01 mmol), Ph 3 As (6.1 mg, 0.02 mmol), THF (0.5 mL), and DMF (1.5 mL). The resulting mixture was stirred at 0 C for 2 h and then slowly warmed to 23 C and stirred for an additional 12 h at 23 C. Purification via flash chromatography on Florisil (EtOAc/petroleum ether 1:1/EtOAc/EtOAc/MeCN 9:1) afforded (E,Z)-21 as a white solid (59 mg, 81%). The 1 H NMR of the crude product showed a single stereoisomer. Spectral data for (E,Z)-21 were consistent with those previously reported from our laboratories. 11 
MIDA boronate (Z,Z)-21
The general Stille coupling procedure was followed using (Z)-Br-1 (52 mg, 0.20 mmol), (Z)-20 (105 mg, 0.22 mmol), Pd 2 (dba) 3 (9.2 mg, 0.01 mmol), Ph 3 As (6.1 mg, 0.02 mmol), THF (0.5 mL), and DMF (1.5 mL). The resulting mixture was stirred at 0 C for 2 h and then slowly warmed to 23 C and stirred for an additional 18 h at 23 C. Purification via flash chromatography on Florisil (EtOAc/ petroleum ether 1:1/EtOAc/EtOAc/MeCN 9:1) afforded (Z,Z)-21 as a pale yellow solid (51.8 mg, 71%). The 1 H NMR of the crude product indicated 10% (Z,E)-21 as a byproduct, which was inseparable by normal phase Florisil chromatography. Spectral data for (Z,Z)-21 were consistent with those previously reported from our laboratories. 11 
MIDA boronate (E,E)-21
The general Stille coupling procedure was followed using (E)-Br-1 (52 mg, 0.20 mmol), (E)-20 (105 mg, 0.22 mmol), Pd 2 (dba) 3 (9.2 mg, 0.01 mmol), Ph 3 As (6.1 mg, 0.02 mmol), THF (0.5 mL), and DMF (1.5 mL). The resulting mixture was stirred at 0 C for 2 h and then slowly warmed to 23 C and stirred for an additional 8 h at 23 C. Purification via flash chromatography on silica gel (EtOAc/petroleum ether 1:1/EtOAc/EtOAc/MeCN 9:1) afforded (E,E)-21 as a white solid (59.5 mg, 81%). The 1 H NMR of the crude product showed a single stereoisomer. Spectral data for (E,E)-21
were consistent with those previously reported from our laboratories. 11 4.24. MIDA boronate (Z,E)-21
The general Stille coupling procedure was followed using (E)-Br-1 (39 mg, 0.15 mmol), (Z)-20 (79 mg, 0.17 mmol), Pd 2 (dba) 3 (7.0 mg, 0.01 mmol), Ph 3 As (4.6 mg, 0.02 mmol), THF (0.5 mL), and DMF (1.5 mL). The resulting mixture was stirred at 0 C for 2 h and then slowly warmed to 23 C and stirred for an additional 12 h at 23 C. Purification via flash chromatography on Florisil (EtOAc/petroleum ether 1:1/EtOAc/EtOAc/MeCN 9:1) afforded (Z,E)-21 as a pale yellow solid (43 mg, 78%). The 1 H NMR of the crude product showed a single stereoisomer. Spectral data for (Z,E)-21 were consistent with those previously reported from our laboratories. 11 
